Background/Aims: In obese, hypertensive subjects, the renin-angiotensin system (RAS) is enhanced and natriuresis impaired, suggesting a role for combination RAS blockade with diuretics. Data suggest that renin inhibition may attenuate diuretic-induced RAS activation and oxidative stress. Methods: In this 8-week, double-blind study of 386 obese individuals (mean body mass index: 35.3) with stage 2 hypertension (mean age: 54.9 years; mean sitting systolic blood pressure, SBP: 6 160 but ! 200 mm Hg), we compared the efficacy of aliskiren + hydrochlorothiazide (HCTZ) in reducing blood pressure (BP), plasma renin activity (PRA), and a urinary marker of oxidative stress to ramipril. Subjects were randomized to aliskiren/HCTZ 150/12.5 mg or ramipril 5 mg for 1 week, and after the 1st week force titrated to aliskiren/HCTZ 300/25 mg or ramipril 10 mg for 7 weeks. Results: After 8 weeks, aliskiren/HCTZ provided greater reductions in office BP than ramipril (-28.1/-10.1 vs. -16.6/-3.6 mm Hg, p ! 0.0001) as well as 24-hour ambulatory and central pressure measures. Aliskiren/HCTZ also lowered PRA (-45 vs. +83%) and the urinary F2-isoprostane/creatinine ratio (-18 vs. +7%) to a greater extent than ramipril. Adverse events (AEs) were similar in the two groups (35.8% with aliskiren/HCTZ vs. 37.3% on ramipril reporting at least one AE). Conclusions: Our findings suggest that the aliskiren/HCTZ combination reduced BP, PRA, and isoprostanes to a greater extent than did ramipril in obese patients with stage 2 hypertension.
Methods

Patients
Eligible patients were men and women aged 18 years or older with a body mass index (BMI) between 30 and 45, and mean sitting SBP (msSBP) 6 160 and ! 200 mm Hg. Patients with msSBP 1 200 mm Hg or mean sitting diastolic BP (msDBP) 6 110 mm Hg were excluded, as were patients with secondary hypertension, resistant hypertension unresponsive to three or more antihypertensive agents (including a diuretic), patients with type 1 or 2 diabetes, a history of myocardial infarction, heart failure, cerebrovascular accident, transient ischemic cerebral attack, coronary bypass surgery, or any percutaneous coronary intervention within the last 12 months. This study was conducted in accordance with the Declaration of Helsinki, and the study protocol was approved by the Institutional Review Board at each site. All participants provided written informed consent.
Study Design
This was an 8-week, prospective, multicenter, randomized, double-blind, active-control, parallelgroup study in obese patients (BMI 1 30) conducted in 66 centers in the United States. After screening and a 1-to 4-week washout period in patients receiving antihypertensive therapy, eligible patients (msSBP 6 160 and ! 200 mm Hg) were randomized in a 1: 1 ratio to either a fixed-dose combination of 150/12.5 mg aliskiren/HCTZ, or 5 mg ramipril monotherapy. After the 1st week, doses were force titrated up to 300/25 mg aliskiren/HCTZ or 10 mg ramipril for an additional 7 weeks ( fig. 1 ).
Aliskiren/HCTZ were supplied as tablets (or matching placebo tablets) and ramipril as capsules (or matching placebo capsules). To maintain the blind status of the study, each patient was administered 2 tablets and 1 capsule per day. All of the study medications were taken with water between 7: 00 and 10: 00 a.m., except on the morning of clinical visits. Throughout the study, patients were not permitted to take additional drugs indicated for the treatment of hypertension.
Study Objectives
The primary objective of this study was to evaluate the superiority in the change in msSBP after 8 weeks of treatment with the aliskiren/HCTZ combination (150/12.5 and 300/25 mg) compared with that of ramipril (5 and 10 mg) in obese patients with stage 2 hypertension. Secondary objectives included change from baseline in msDBP in week 8, the percentage of patients achieving BP control (defined as msSBP ! 140 mm Hg and msDBP ! 90 mm Hg) and safety and tolerability. Additional variables of this study included the 24-hour mean ambulatory SBP (maSBP) and DBP (maDBP) measured in a prespecified subgroup of randomized patients (aliskiren/HCTZ, n = 45; ramipril, n = 44) at baseline and in week 8. Prespecifications of ambulatory BP (ABP) measures were based on the selection of prespecified centers (30 centers) and enrolled patients' willingness to participate in the study. Central arterial pressures were also assessed at baseline and in week 8 in this subgroup of patients. The following variables were also included to determine the impact of treatment on selected biomarkers, e.g. changes in PRA, aldosterone levels, and the urinary F2-isoprostane/creatinine ratio versus baseline, in a subgroup of patients after 8 weeks of treatment with initial aliskiren/HCTZ or ramipril treatment.
BP Measurements
Trough sitting BP was measured (24 8 3 h after dosing) using a calibrated standard mercury sphygmomanometer and the recommended cuff sizes in accordance with the 2005 American Heart Association Committee report on recommendations for blood pressure measurements in humans [13] . After sitting for 5 min, three sitting BP measurements were made at 1-to 2-min intervals, and the mean value was taken as the average BP for that visit. In the event mercury sphygmomanometers were not available as a result of regulation, an alternative calibrated method for the assessment of BP was used.
ABP measurements (ABPM) were performed by attaching the ABPM device to the non-dominant arm of the patient. A correlation was made between the ABPM device readings and measurements taken with an office mercury or aneroid sphygmomanometer. Following the correlation procedure, BP and heart rate were measured using the ABPM device every 15 min during the 24-hour monitoring period. The ABP readings had to meet satisfactory quality control criteria, which were defined as a monitoring period of at least 24 h with at least one valid reading per hour and at least 75% valid readings. The ABPM device was worn for at least 24 h before removal at the clinic. Data were processed by a central laboratory (Medifacts International, Rockville, Md., USA).
Radial artery applanation tonometry [14] was used to measure central aortic pressure in the ABPM subgroup of patients using a SphygmoCor apparatus and associated software. Radial artery tonometry was performed on the dominant arm, similar to standard sphygmomanometric measurements. The patient was asked to sit quietly for 5 min and radial artery applanation tonometry measurements were obtained immediately following measurement of BP by standard sphygmomanometry. These measurements were taken right after obtaining the office BPs just prior to the placement of an ABP monitor on the subject. At each time point, the subject's mean trough sitting BP by sphygmomanometry was entered into the SphygmoCor system as the calibrating BP prior to the first tonometric measurement. Three radial artery tonometric measurements were required at each visit, and data were processed through a central laboratory (AtCor Medical, Itasca, Ill., USA) [14] . The BP values taken at the time of tonometry were entered into the SphygmoCor software for calibration purposes.
Biomarker Assessments
Biomarkers were measured in plasma and urine at baseline and in week 8. Plasma renin concentration (PRC), PRA, aldosterone, and isoprostanes were collected and evaluated in all patients. The urinary albumin/creatinine ratio (UACR) was determined and evaluated in patients participating in the ABPM substudy. Metabolic parameters and biomarkers were analyzed by a central laboratory (CRL Medinet, Lenexa, Kans., USA).
Safety
Safety assessments consisted of monitoring and recording all adverse events (AEs) and serious AEs, discontinuation of treatments, regular monitoring of hematology, blood chemistry, and urinary values, regular measurement of vital signs, and the performance of physical examinations.
Statistical Analysis
A sample size of 382 patients (191 per treatment arm) completing double-blind treatment was targeted to test for superiority between the two treatment groups. This sample size provided a 85% power to detect a 4-mm Hg treatment difference in the primary efficacy variable between aliskiren/HCTZ and ramipril, assuming a standard deviation for msSBP of 13 mm Hg with a two-sided significance level of p ! 0.05.
The primary efficacy variable, change in msSBP from baseline in week 8, was assessed with an ANCOVA model with baseline assessment as a covariate and treatment and patient randomization based on ABPM participation status at baseline as factors in the model. Mean differences, least-square mean differences, 95% confidence intervals (CI), and p values for comparisons between the aliskiren/HCTZ combination and ramipril monotherapy were reported. Tests for the superiority of aliskiren/HCTZ versus ramipril were based on the null hypothesis of an equal mean change in msSBP in week 8 for aliskiren/ HCTZ and ramipril with a two-sided test at the 5% level of significance. All analyses were carried out for the intent-to-treat (ITT) population (consisting of all randomized patients who received at least one dose of the study medication and had at least one valid post-baseline assessment of the primary efficacy variable) using both last-observation-carried-forward and observed cases. The analyses of the secondary efficacy variable of change from baseline in msDBP were similar to the analyses of the primary efficacy variable. The secondary efficacy variable of percentage of patients achieving BP control (msSBP/msDBP ! 140/90 mm Hg) was analyzed using the Cochran-Mantel-Haenszel test.
For the efficacy variables associated with 24-hour ABP measures and arterial compliance measures, the analysis was based on patients participating in the ABPM substudy. The primary analysis time point was week 8 and the analyses were performed using the same methods used to analyze the primary efficacy variable.
Spearman's correlation test was performed to evaluate the relationships among the three measures of BP assessment (clinical, ABPM and central BP). Both baseline and change from baseline in SBP between clinical and ABPM and between clinical and central measures were estimated. The metabolic measures and biomarkers were analyzed using non-parametric tests and log-transformed data. All statistical analyses were performed using SAS (version 8.2).
Results
Study Population
A total of 642 patients were screened, of whom 386 were randomly assigned to receive aliskiren/HCTZ (n = 193) or ramipril (n = 193; fig. 2 ). Of these, 340 (88.1%) patients completed the 8-week study. Forty-six patients (23 in each treatment group) withdrew from the study; the most common reasons for patient withdrawal were consent withdrawal (8 in the aliskiren/HCTZ group and 5 in the ramipril group); AEs (6 in the aliskiren/HCTZ group and 3 in the ramipril group); unsatisfactory therapeutic effect (8 in the ramipril group), and loss to follow-up (4 in the aliskiren/HCTZ group and 3 in the ramipril group). A total of 6 patients were excluded from the ITT population because they had no msSBP assessments after baseline. A total of 89 randomized patients participated in the ABPM substudy (45 in the aliskiren/HCTZ group and 44 in the ramipril group).
Demographic and baseline characteristics were well balanced between the two treatment groups ( table 1 ) . Overall, average age of the patients was 54.9 years, with most patients (79.5%) being ! 65 years of age and predominantly white (63.0%). Average BMI was 35.3 and more than two thirds of the patients (69.9%) fulfilled the diagnostic criteria for the metabolic syndrome proposed by the National Cholesterol Education Program Adult Treatment Panel III [15] . The patients enrolled in the ABPM substudy had similar baseline characteristics as the overall population (average age: 56 years; 21% patients 1 65 years of age; 45% males, n = 40; average BMI: 35.8; 27% diabetics, n = 24). There were no differences between the two treatment groups. The mean clinical BP of patients in the overall study was 167.6/95.4 mm Hg and that for patients enrolled in the ABPM study was 169.2/94.8 mm Hg. Baseline maSBP and maDBP were 146.2 and 88.3 mm Hg, respectively.
Changes in BP Measurements
Clinical BP. At the 8-week endpoint, aliskiren added to HCTZ contributed to greater reductions in both msSBP and msDBP compared with ramipril monotherapy ( fig. 3 a, b) . The reductions in msSBP and msDBP achieved with aliskiren/HCTZ were also substantially greater than those with ramipril alone in week 1 (p = 0.0001 for msSBP and p = 0.02 for msDBP) and week 4 (p ! 0.0001 for both msSBP and msDBP; fig. 3 c) . In the aliskiren/HCTZ group, AEs (n = 6) were deep vein thrombosis, fatigue, hypoesthesia, palpitation, blurred vision, and dehydration/pollakiuria (n = 1, respectively). In the ramipril group, AEs (n = 3) were peripheral edema, increased blood creatinine phosphokinase and convulsion (n = 1/0.5%, respectively).
Biomarkers PRA Levels. In randomly assigned patients, pretreatment geometric mean PRA was 0.64 ng/ml/h in the aliskiren/HCTZ group and 0.81 ng/ml/h in the ramipril group. At study end, the aliskiren/HCTZ combination significantly reduced PRA by 45% ( table 2 ) . In contrast, ramipril led to a 88% increase in PRA. The aliskiren/HCTZ combination provided a greater increase in PRC from baseline (geometric mean increase, 816%), as did ramipril (geometric mean increase, 91%); however, the increases with aliskiren/HCTZ were significantly greater than with ramipril (p ! 0.0001).
Plasma Aldosterone . At study end, aliskiren/HCTZ increased plasma aldosterone levels by 17% versus baseline ( table 2 ), whereas ramipril decreased plasma aldosterone levels by 3.4% versus baseline.
Urinary F2-Isoprostane/Creatinine Ratio . At study end, aliskiren/HCTZ decreased the urinary F2-isoprostane/creatinine ratio versus baseline (geometric mean 181.3 pmol/mmol at baseline vs. 145.9 pmol/mmol in week 8; 18.3% decrease), while ramipril caused a small D ata are expressed as means (SD) unless stated otherwise. Metabolic syndrome was defined as 2 or more of the following symptoms: waist circumference ≥102 cm for men or ≥88 cm for women; triglycerides ≥150 mg/dl; high-density lipoprotein cholesterol <40 mg/dl for men or <50 mg/dl for women, and fasting glucose ≥100 and <126 mg/dl. Diabetes was defined as a clinical history of diabetes or treatment for diabetes. CCB = Calcium channel blocker.
1 Within 30 days of randomization. Data are expressed as mea ns 8 SD. UACR was measured only in the subset of patients included in the 24-hour ABPM study. * p < 0.0001, ** p < 0.01, *** p < 0.02, aliskiren/HCTZ vs. ramipril. LS = Least square. I f a patient experienced more than one episode of a particular AE, the patient was counted only once for the event.
increase of 6.6% (geometric mean 189.8 pmol/mmol at baseline vs. 197.1 pmol/mmol in week 8; p = 0.018, aliskiren/HCTZ vs. ramipril; table 2 ).
Other Biomarkers. Aliskiren/HCTZ decreased UACR by 48% (geometric mean 1.6 mg/ mmol at baseline vs. 0.90 mg/mmol in week 8), while ramipril increased UACR by 4.8% (geometric mean 1.3 mg/mmol at baseline to 1.84 mg/mmol in week 8).
Adverse Events
Overall, 35.8% (69/193) of the patients in the aliskiren/HCTZ group and 37.3% (72/193) in the ramipril group experienced at least one treatment-emergent AE that was mild to moderate in severity ( table 3 ). The most common AE occurring in at least 5% of the patients was headache, with similar incidence rates in either group. The only suspected treatment-related AEs experienced by at least 2% of patients in either treatment group were headache (2.6 and 3.1%), pollakiuria (2.1 and 0%), and dizziness (0.5 and 2.1%) for aliskiren/HCTZ and ramipril, respectively.
Serious AEs were only experienced by 4 patients in the aliskiren/HCTZ group (including chest pain, deep vein thrombosis, pancreatitis, dehydration, and pollakiuria; defined as frequent daytime urination) and 2 patients (with hypertension and convulsion) in the ramipril group. The dehydration and pollakiuria reported with aliskiren/HCTZ occurred in the same patient and resulted in the patient's discontinuation of the study. The patients experiencing deep vein thrombosis with aliskiren/HCTZ and convulsion with ramipril also discontinued the study. Other AEs resulting in discontinuation were fatigue, palpita- tion, blurred vision, and gastrointestinal disorder with aliskiren/HCTZ, and peripheral edema and increased blood creatinine phosphokinase with ramipril. Thus, a total of 6 patients in the aliskiren/HCTZ group and 3 patients in the ramipril group discontinued the study.
Discussion
Results from this investigation support the notion that a combination of aliskiren with HCTZ produces greater reductions in BP than ramipril monotherapy in an obese, stage 2 hypertensive population. These data further indicate significant reductions in central SBP and DBP following aliskiren/HCTZ compared with ramipril treatment. This is the first study conducted in obese patients that included measures of central BP, ABPM, and markers of RAS activity and oxidative stress. Thus, a comparison of the present results with previously conducted studies is not possible. Nevertheless, BP reduction, whether measured in the clinic, by ABPM, or by central pressure determination, was consistently greater with the aliskiren/HCTZ combination compared to ramipril.
The finding that treatment reductions in central BP correlated strongly with clinical BP is particularly noteworthy in this population. The BP waveform is known to vary between the peripheral conduit (brachial) and the central elastic (aorta) arteries, with increases in SBP in patients with various co-morbid states, such as advanced age, cardiovascular disease, and treatment with various antihypertensive or vasoactive agents [14, 16, 17] . The notion that antihypertensive drugs affect peripheral and central BP differentially is increasingly recognized with various cardiovascular risk reduction strategies. In this regard, RAS inhibitors have shown to have a greater efficacy in reducing central BP than peripheral measures compared to other classes of antihypertensive agents (e.g. calcium channel antagonists, ␤ -blockers, and thiazide diuretics) [18] [19] [20] [21] . The fact that reductions in central and peripheral measures were similar indicate that the population was largely a low-risk cardiovascular population, further suggesting that HCTZ added little benefit to the beneficial effects of aliskiren treatment on central pressure. Increases in PRA have been associated with the development of hypertension in subjects with central obesity. Intervention with various RAS inhibitors contributes to a feedback increase in PRA, e.g. ACE inhibition with ACEI and ARBs, which is not observed with direct renin inhibition. Consistent with this notion, in our study aliskiren/HCTZ reduced PRA, while ramipril increased this measure, extending prior observations [10] . Furthermore, obesity and markers of insulin resistance are associated with a more active RAS and may contribute to enhanced oxidative stress, vascular remodeling and pressor responses [21, 22] . Both ACEI and ARBs have shown to reduce oxidative stress in preclinical models [23] [24] [25] [26] . In this study, aliskiren/HCTZ reduced the urinary F2-isoprostane/creatinine ratio, a marker of oxidative stress, while ramipril induced a small increase. These data suggest a superior role for renin inhibition in the abrogation of RAS-mediated oxidative stress.
The results obtained with ramipril are consistent with another recent report [27] . In that exploratory study investigating the effect of 10 mg of ramipril on vascular function, inflammation, and oxidative stress in patients with rheumatoid arthritis, the oxidative stress marker isoprostane was not reduced by ramipril [27] . This is especially important considering that ACEIs block Ang II production, and ARBs block its action via AT 1 R (Ang II type 1 receptor). Thus, both agents stimulate a reactive increase in PRC and PRA due to interruption of the negative feedback loop by which Ang II inhibits the release of renin from juxtaglomerular cells in the kidney [28] . This reactive rise in PRA may also limit the effectiveness of ACEIs and ARBs [29] compared with direct renin inhibition in attenuation of RAS-induced oxidative stress.
There are several limitations of this study. Since HCTZ was not included in the ramipril arm, improved efficacy of ramipril + HCTZ cannot be ruled out. Another limitation of this study was the small number of patients included in the ABPM and arterial compliance stud- ies. Studies in larger patient groups are needed to confirm the effects of aliskiren/HCTZ on central hemodynamics. Further, aliskiren/HCTZ increased plasma aldosterone in this study by 17%. Although a HCTZ monotherapy treatment arm was not included in this study, elevation of aldosterone levels with HCTZ is a classic counterregulatory response with diuretics. While aliskiren as a monotherapy has not been shown to change plasma aldosterone levels [30, 31] , it did reduce urinary aldosterone [31] . In conclusion, these data indicate that aliskiren/HCTZ reduced BP, PRA, and isoprostanes to a greater extent than did ramipril in obese patients with stage 2 hypertension. These data further support a strong correlation between clinical and central pressure determination wherein both aliskiren/ HCTZ and ramipril significantly reduced central SBP and DBP versus baseline in a prespecified subset of patients, with aliskiren/HCTZ having a greater effect than ramipril. The combination of aliskiren and HCTZ was well tolerated, and the results of this study suggest that aliskiren-based therapy is an effective and well-tolerated treatment option for obesityassociated hypertension.
Summary Table
What Is Known about the Topic • Obesity-related hypertension is associated with enhanced RAS activity as well as impaired natriuresis, suggesting a therapeutic role for combination therapy with RAS blockers and diuretics.
• Aliskiren, a direct renin inhibitor, has been shown to decrease angiotensinogen, PRA, Ang II, and aldosterone levels, all of which are increased in obese individuals with hypertension.
• Direct renin inhibition with aliskiren is known to attenuate intrinsic as well as diuretic-induced RAS activation and associated increases in inflammation and oxidative stress.
What This Study Adds • The study adds to our increasing recognition of the role for central pressure determination and its association with other measures in the determination of the optimal treatment strategies.
• Our results support the notion that a combination of aliskiren with HCTZ produces greater reductions in BP at dosing anticipated to be equivalent to ramipril monotherapy in obese individuals with stage 2 hypertension.
• Therapy with aliskiren/HCTZ reduced the urinary F2-isoprostane/creatinine ratio, a marker of oxidative stress, compared to the ACEI ramipril, indicating a superior role for renin inhibition in the abrogation of RAS-mediated oxidative stress.
